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Abstract
Based on differential thermal analysis (DTA) and X-ray powder diffraction
(XRD), a description of the system Nd2O3–Lu2O3–Sc2O3 was obtained by ther-
modynamic assessment. Four fields of primary crystallization could be identi-
fied; from melt compositions close to the Lu2O3–Sc2O3 edge the rare-earth ox-
ide C-phase crystallizes first, which is stable down to room temperature. From
Nd2O3 rich melts the X-phase forms, which is stable only at high temperatures.
An additional field, where the alternative high-temperature phase H solidifies
as primary product touches the Nd2O3–Lu2O3 edge of the concentration tri-
angle. From melts close to the composition NdScO3, the P-phase (perovskite)
can be crystallized and mixed crystals with second end member NdLuO3 have
been grown from the melt. Crystals of this mixed perovskite were grown by the
micro-pulling-down and Czochralski methods.
Keywords: A1. Phase diagrams, A1. Solid solutions, A2. Czochralski
method, B1. Oxides, B1. Perovskites, B1. Rare-earth compounds
1. Introduction
Rare-earth scandates with orthorhombically distorted perovskite structure
(P-REScO3, RE = rare-earth element; in this case Pr–Dy) have come into the
focus of interest as substrates for the epitaxial deposition of many functional
oxides, and especially for strain engineering of perovskitic layers [1, 2]. Their
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pseudocubic lattice parameters apc ≈ 4 A˚ can be adjusted by an appropriate
choice of the RE element occupying the larger cation site of the perovskite
structure. Furthermore, mixed crystals between two rare-earth scandates can
be grown and allow fine-tuning of apc [3, 4, 5, 6, 7]. Crystals of high quality
obtained by the Czochralski technique retain their perovskitic crystal structure
during cooling from the melting point down to room temperature.
Perovskitic rare-earth lutetates (P-RELuO3) show even larger lattice param-
eters than the scandates [1, 5, 8], but most of them cannot be prepared from
the melt because the perovskite phase is not stable up to the melting point
[9]. The establishment of solid solutions between scandates and lutetates seems
to be a feasible way towards substrate materials with larger lattice parameters
than that of scandates. This was demonstrated recently with mixed crystals of
LaScO3 and LaLuO3 [5], which provide a potential substrate for barium stan-
nate (BaSnO3) epitaxy. However, lattice constants that became accessible with
LaLu1−xScxO3 mixed crystals are large (range 4.13 . apc . 4.18 A˚) and a gap
remains towards PrScO3 (apc = 4.02 A˚) which has the largest lattice constant
of the rare-earth scandate single crystals that are available so far. One reason
for this large gap is the very high melting point Tf ≈ 2660K [10] of LaScO3
which impedes the Czochralski growth of scandium-rich LaLu1−xScxO3 mixed
crystals with x & 0.4. The melting points drop from LaScO3 to the REScO3
phases with smaller RE3+ ions, but remain still high for Ce3+ and Pr3+ [11];
accordingly these two elements were excluded from the current study.
The next scandate NdScO3 is a well known perovskite substrate [2]. NdLuO3
is controversially reported to be either a perovskite [12, 13, 14, 15] — or to
form other crystal structures [16, 17, 18]. A detailed evaluation of the system
NdLuO3 was performed recently [19]. Goldschmidt’s tolerance factor t indi-
cates that NdLuO3 is just outside the limits of perovskite stability, and should
not be a perovskite under equilibrium conditions. Nevertheless, NdLu1−xScxO3
mixed crystals can be expected to be perovskites beyond some critical scandium
concentration x. The aim of this paper is to gain some insight into the pseu-
doternary system Nd2O3–Lu2O3–Sc2O3, with focus on the NdLuO3–NdScO3
section therein — and to evaluate possibilities for the growth of NdLu1−xScxO3
mixed crystals.
Generally, the oxide of a specific 3-valent rare-earth element can occur in one
of the following five different solid modifications: the low temperature modifica-
tions C (cubic bixbyite structure, Ia3¯), B (monoclinic, C2/m) and A (hexago-
nal) and the high temperature modifications H (also hexagonal, P63/mmc) and
X (cubic, I 3¯m) [20, 21], see also Tab. 1. Solid solutions RE′2−xRE
′′
xO3 of these
modifications (with RE′, RE′′ on the same crystallographic positions) are formed
if two rare-earth oxides can be mixed. In contrast, an intermediate perovskite
compound RE′RE′′O3 (with RE
′, RE′′ on different crystallographic positions)
is formed only if the component rare-earth oxides are present nearly in a molar
ratio 1:1, and if the difference between the RE′3+ and RE′′3+ ionic radii (and
hence Goldschmidt’s tolerance factor) is sufficiently large [10, 14, 16, 22, 23].
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2. Experimental
In a previous publication, it was shown that the P-NdScO3 phase is slightly
deficient in neodymium and should rather be written as Nd0.967ScO2.951 [2]. For
the sake of simplicity, “NdScO3” is written instead throughout this paper, but
the congruently melting ratio of Nd:Sc = 0.967:1.000 was actually used for the
experiments. All samples of this study were prepared from powder mixtures
on the NdLuO3–NdScO3 isopleth section of the Nd2O3–Lu2O3–Sc2O3 system
that corresponds to a horizontal line in the concentration triangle in Fig. 6
for the idealized NdScO3 (used in thermodynamic assessment) or is close to
this horizontal line for Nd0.967ScO2.951 (used in most experiments). Powders of
Nd2O3, Lu2O3 and Sc2O3 with at least 99.99% purity were used for the samples.
Data for the Nd2O3–Lu2O3 edge were combined out of recent data and
the study [19]. Thermal analysis of 24 samples ranging from the composi-
tion NdLuO3 (x = 0) to NdScO3 (see previous paragraph, x = 1) up to the
liquidus temperatures was performed with a NETZSCH STA429. For these
measurements covered tungsten crucibles with approximately 30–40mg sam-
ple powder were heated twice in static He atmosphere (99.9999% purity) at a
rate of 15K/min above the corresponding liquidus temperature, typically the
maximum temperature was 2473K. During the first heating the sample was
homogenized by melting, then cooled to 773K, and subsequently heated again
above the liquidus. Mainly DTA curves from these second heating segments
were used for the construction of the phase diagram section NdLuO3–NdScO3.
The W/Re thermocouples that were used for the detection of DTA signals suffer
from degradation due to the preferred evaporation of rhenium [24]. To correct
the resulting shift of their emf(T ) function, calibration measurements with pure
Al2O3 (Tf = 2327K [25]) were performed from time to time.
For X-ray powder diffraction studies, four NdLu1−xScxO3 mixtures with
x = 0.1; 0.2; 0.4; 0.6 were prepared from the oxide powders and were annealed
in muffle furnaces in air at 1873K for 60 hours. X-ray diffraction (XRD) was
performed with a GE Inspection Technologies XRD3003 TT. This instrument
uses the Bragg Brentano geometry, a fixed aperture, CuKα radiation (40mA,
40 kV) and a scintillation counter. The range 10◦ ≤ 2Θ ≤ 90◦ was measured
with a step width of 0.01◦ and a detection time per step of 4 s. All diffractograms
shown in this paper display raw data, and lattice parameters of the perovskite
phase were calculated from 15 to 16 perovskite peaks that were indexed as
given in the literature. Positions of peaks could be determined with software
fityk 0.9.8 [26]. From these positions, a generic algorithm in Matlab R© calculated
the lattice parameters.
The specific heat capacity cp(T ) of P-NdScO3 powder was measured by
heat flux differential scanning calorimetry (DSC) with a NETZSCH STA449C.
Three DSC measurements with linear heating segments were performed: first
with an empty crucible as baseline, second with Al2O3 powder as reference and
third with the sample to analyze. cp(T ) was then calculated by comparison
of the obtained curves using the ratio method of NETZSCH Proteus analysis
software. All these DSC measurements were carried out in covered Pt crucibles
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in flowing argon. To ensure reproducibility, four subsequent heating runs with
20K/min from 313K to 1473K were performed during every measurement, and
the average of runs 2–4 was used for interpretation.
Crystal growth with the micro-pulling-down method (µ-PD) was performed
in a device from Nu¨rmont Installations GmbH & Co. KG (Germany). The crys-
tal fibers were pulled from an iridium crucible inside flowing nitrogen atmosphere
(99.999% purity). The starting material had the composition NdLu0.15Sc0.85O3.
For the preparation of the starting materials for Czochralski growth, dried pow-
ders of Nd2O3, Sc2O3 and Lu2O3 with purities of 99.99% (4N) to 99.999% (5N)
were used. The powders were weighed and mixed with the following composi-
tion: 60mol% NdScO3 and 40mol% NdLuO3. Subsequently, to optimize the
crucible filling process, cylindrical bars were made by cold isostatic pressing at
0.2GPa. The Czochralski crystal growth experiment was performed using a
conventional RF-heated Czochralski set-up equipped with a crystal balance and
automatic diameter control. The atmosphere during growth was 5N argon un-
der ambient pressure. Iridium crucibles (inner diameter: 38mm, height: 40mm)
embedded in ZrO2 and Al2O3 insulation were used. An actively heated iridium
afterheater was placed on top of the crucible. A growth rate of 0.7mmh−1 and
a rotation rate of 10 rpm were used. Due to the lack of a seed crystal, an iridium
rod was used instead.
The chemical compositions of three Czochralski crystal pieces and residual
material were measured with an IRIS Intrepid HR Duo (Thermo Elemental,
U.S.A.) ICP-OES spectrometer. For that purpose, 5–7mg material were dis-
solved in 50ml of a solution of 3ml HNO3 and 1ml H2O2 in water for 20
minutes at 220 ◦C. These determinations were repeated 3 times. Besides, parts
of the crystals were characterized by XRD. Lattice parameters of one piece were
determined with the same Matlab R© algorithm as mentioned earlier.
3. Results
A first experiment was performed to check the stability of the perovskite
phase in the subsolidus region. Four NdLu1−xScxO3 powder mixtures with
NdScO3 concentrations that are given in Fig. 1 were annealed at 1873K for 60
hours. The subsequent X-ray powder diffraction analysis revealed even for a
sample with 40% NdLuO3 (top diffractogram in Fig. 1) exclusively perovskite
peaks. For higher lutetate concentrations additional peaks indicate the coexis-
tence of perovskite with other phases, but even for the x = 0.1 sample (bottom
curve) perovskite is the major phase.
Especially for larger 2Θ values it is evident that the position of X-ray peaks
shifts to smaller values for higher lutetate concentrations. This trend is expected
because the Shannon radius of Lu3+ (100.1 pm) is significantly larger than the
radius of Sc3+ (88.5 pm) [27]. Fig. 2 shows that the lattice parameters a, b, c
depend almost linearly on x and follow Vegard’s rule [28]. Comparable behavior
was found in the systems CeScO3–PrScO3 [6] and LaScO3–LaLuO3 [5, 29].
These recent results are compared with the literature data of the endmem-
bers (P-NdScO3 and questionable P-NdLuO3). Additionally, Fig. 2 shows re-
4
NdLu Sc O0.4 0.6 3
NdLu Sc O0.6 0.4 3
NdLu Sc O0.8 0.2 3
NdLu Sc O0.9 0.1 3
2 [°]Q50403020
0
1000
2000
3000
in
te
n
s
it
y
[
c
p
s
]
Figure 1: XRD pattern of annealed NdLu1−xScxO3 powders. Only peaks with arrow belong
to non-perovskite phases. The three upper curves are parallel shifted. Green lines depict the
perovskite peak shift resulting from changing chemical composition.
gressions of current data (solid lines) and compares them to a linear (Vegard)
behavior between literature data for the endmembers. Lattice parameters for
NdLuO3 in the literature are somewhat higher than expected from the recent
data, which holds especially for c. For NdScO3 the discrepancies are less pro-
nounced.
The coexistence of one phase with variable composition (degree of freedom
F = 1) with at least one other phase (number of phases P = 2) under isobar
(p = const. = 1bar) and isothermal (T = const. = 1873K) conditions is not in
agreement with Gibbs phase rule for a system with two components (C = 2),
because P + F = C should hold. This means either one phase with variable
composition, or two phases with fixed composition are allowed in equilibrium.
It can be assumed that either equilibrium could not be obtained during the an-
nealing period, or that partial decomposition of the equilibrium state at 1873K
occurred during cooling.
Peak shift in the four samples is proportional to the chemical composition of
overall system. The absolute peak intensity of the perovskite phase as well as the
ratio between perovskite and non-perovskite peaks are approximately constant
for all samples x ≤ 0.4. Hence, perovskite seems to be the only equilibrium phase
in the system NdLuO3–NdScO3 up to 1873K. In the sample with x = 0.1 non-
perovskite peaks are still weak and the change in perovskite lattice parameters
is continued, but the composition of that sample could be close to the boundary
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Figure 2: Lattice parameters from literature (left and right panels, references at the bottom)
for the perovskite phases of NdLuO3 and NdScO3 compared with current data for solid solu-
tions between these endmembers. Division b/
√
2 is for better visibility. *1 material produced
by high pressure *2 not from powder but single crystal XRD (Ref. [31] reports single crystal
as well as powder data).
to a multi-phase field.
Phase compositions at higher temperatures were examined by DTA. A com-
pilation of thermal effects on the NdLuO3–NdScO3 section is given later in
Fig. 7. All thermal signals during heating were endothermic, and every sample
was completely molten during the DTA experiment. On the NdScO3 side DTA
curves show less thermal effects. On the NdLuO3 side in contrast, more and
weaker peaks down to lower temperatures occur which is obviously related to
the instability of the perovskite (P-) phase and the equilibria between B- and
C-phase that occur instead [19]. The experimental overview in Fig. 7 should
not be considered to be a binary phase diagram, because such binary diagrams
can be constructed only between stable phases showing congruent melting. For
a better understanding of phase relations on this isopleth section, it must be
discussed by using the concentration triangle Nd2O3–Lu2O3–Sc2O3 instead.
4. Thermodynamic assessment and discussion
Zinkevich [30] gave a comprehensive overview on thermodynamic data of
the RE2O3 compounds (enthalpies of formation ∆Hf , entropies S, transition
temperatures Tt, temperature dependent heat capacities cp(T )) in the five solid
modifications (C, B, A, H, X) and in the melt (L), which are the base of the
work presented here. The cp(T ) of all phases of one specific oxide were assumed
identical for reasons of consistency, and only heats of transformation ∆Ht were
taken into account.
For P-NdScO3 ∆Hf = −1 876 212 J/mol was estimated, based on equation
(2) of Qi et al. [31] and the tolerance factor t from ionic radii of Shannon
[27]. A function cp(T ) for P-NdScO3 was published recently by Uecker et al.
[3]. Nevertheless, P-NdScO3 powder was prepared also for the current study
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via solid state reaction to repeat the previous measurement. Phase purity of
the perovskite powder was confirmed by XRD, and cp(T ) is shown in Fig. 3
together with an exponential fit. This data seem to be more reliable than the
previous data [3]: firstly they are closer to the average curves of A-Nd2O3 and
C-Sc2O3 based on functions given by Zinkevich [32, 30]; and secondly, they
show less scatter. Entropy and melting temperature of P-NdScO3 were not
input parameters but were optimized by the thermodynamic assessment: for P-
NdScO3 S = 121.7Jmol
−1K−1 and for P-NdLuO3 S = 133.9Jmol
−1K−1 was
found by this calculation. It should be noted that the formation enthalpy ∆Hf,ox
for P-NdLuO3 from the component oxides A-Nd2O3 and C-Lu2O3 which can be
derived from eq. (2) in [31] is indeed small in absolute value. Consequently this
phase is thermodynamically unfavored against a mixture of the oxides. Function
cp(T ) of P-NdLuO3 was estimated as the mean of A-Nd2O3 and C-Lu2O3 of
Zinkevich [30].
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Figure 3: Experimental data and fit for the heat capacity of P-NdScO3 (only every 10th data
point is shown).
The assessment of the pseudoternary system Nd2O3–Lu2O3–Sc2O3 was started
with models for the three edge systems. Nd2O3–Sc2O3 and Lu2O3–Sc2O3 were
experimentally examined already by Badie [10], and his interpretation is in al-
most perfect agreement with the model that is presented here (Fig. 4). For the
mixed phases with solution species α and β, excess enthalpy functions Gex(x)
of Redlich-Kister type
Gα,βex =
0Lxαxβ +
1Lxαxβ(xα − xβ) +
2Lxαxβ(xα − xβ)
2 (1)
with interaction parameters iL were inserted [33]. Because most equilibria were
considered for a comparably small temperature range at very high T , it was not
necessary to take an additional temperature dependency Gex(T ) into account.
The excess enthalpy functions of ternary mixtures are defined similarly as
Gα,β,γex =
0Lxαxβxγ (2)
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with one parameter 0L only. The iL of the five rare-earth oxide structures and
the melt L are summarized in Tab. 1. For the P-phase (P-NdLuO3–P-NdScO3)
one finds 0L = 34 000.
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Figure 4: Experimental results of Badie [10] (points) for the systems Nd2O3–Sc2O3 and
Lu2O3–Sc2O3 together with a FactSage [25] thermodynamic assessment (lines). Labels for
1-phase fields.
Table 1: Interaction parameters iL of binary (eq. 1) and ternary (eq. 2) excess enthalpy
functions in the system Nd2O3–Lu2O3–Sc2O3.
Nd2O3– Nd2O3– Lu2O3– Nd2O3– Nd2O3–
phase Lu2O3 Sc2O3 Sc2O3 Lu2O3–Sc2O3 Sc2O3
0L 1L 2L
C 27 000 20 000 15 000 20 000 – –
B 10 500 0 0 20 000 – –
A 20 900 -10 000 0 0 – –
H 17 200 -37 000 15 995 20 000 – –
X 12 600 -48 000 12 850 0 – –
L 0 -80 000 0 -30 000 -17 000 -30 000
The calculated phase diagram Lu2O3–Sc2O3 in Fig. 4b) shows no significant
deviation from Badie’s hand-drawn diagram. For both oxides, the C-phase is
stable up to Tf , and they form a solid solution. Almost in the middle of the
system an azeotropic point exists. Our model for Nd2O3–Sc2O3 in Fig. 4a) is
slightly different in comparison to Badie [10] in that sense the P-phase has a
fixed 1:1 composition and that the phase width of the A-phase is smaller in the
present model. Nevertheless, the phase sequence A→H→X→L of Nd2O3 with
remarkable solubility of Sc in Nd2O3 especially in the high-T phases H and X
is reproduced well.
To the best of our knowledge, no phase diagram for the system Nd2O3–
Lu2O3 is published so far. Hence, the model of Nd2O3–Lu2O3 in Fig. 5 is
derived from phase diagrams of comparable systems with similar radii of RE3+
ions and is adapted to phase compositions and transitions that were reported re-
cently for Nd2O3:Lu2O3=1:1 by the current authors [19], and completed by new
data. The “comparable systems” that were used are Nd2O3–Y2O3 and Nd2O3–
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Figure 5: DTA (empty diamonds) and XRD (filled diamonds, point at 1923K from [16]) re-
sults for the systems Nd2O3–Lu2O3 together with a FactSage [25] thermodynamic assessment
(lines). Labels for 1-phase fields.
Yb2O3 [14, 34, 35]; combined with a section through the system Pr2O3–Lu2O3
at 1673K [4]. Recently it was shown that annealed mixtures with the nominal
composition NdLuO3 consist of a mixture of C and B up to at least 1923K
(diamonds in Fig. 5, [19]). Phase transition temperatures measured by DTA for
the “NdLuO3” composition that were identified in that publication, together
with recent data are shown in Fig. 5 as empty diamonds. It is remarkable that
the P-phase does not appear in the Nd2O3–Lu2O3 system, and that the H- and
X-phase show wide homogeneity ranges.
The definition of the pseudoternary system includes all thermodynamic val-
ues and functions of the three pseudobinary systems in Fig. 4 and 5, together
with the ternary interaction function (2) and binary interaction between P-
NdLuO3 and P-NdScO3. From this data set, the projection onto the liquidus
surface of the concentration triangle in Fig. 6 was calculated. The four regions
of primary crystallization are marked by appropriate labels.
As expected, the P-phase field extends widely around the congruently melt-
ing NdScO3 compound; this means that the growth of perovskite mixed crystals
should be possible from melt compositions ranging almost to the middle of the
concentration triangle. The thermodynamic data that allowed the calculation
of Fig. 6 resulted in a congruent melting point of 2499K for NdScO3, which
is in good agreement with the recent experimental value of 2491K [3]. From
Fig. 6 the composition of the crystallizing solid phase(s) cannot be read. The
thermodynamic data set allows the calculation of isopleth x−T sections through
the triangle, and in Fig. 7 this is performed for the “NdLuO3”–NdScO3 section
that corresponds to the dashed line in Fig. 6. As an overlay, Fig. 7 shows the
experimental points that were obtained by DTA measurements on this section.
The agreement between experiment and calculation is reasonable, especially
for very high T close to the liquidus. Larger discrepancies, and especially missing
experimental signals in the subsolidus region are common, because transforma-
tion heats between solid phases are usually smaller than the heat for melting.
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Figure 6: Liquidus surface in the system Nd2O3–Lu2O3–Sc2O3 with 10K isotherms. Con-
gruent melting points as labeled.
Besides, the transformation of solid phases requires often diffusion steps that
are kinetically hindered, which further reduces thermal effects that could be
measured by DTA. Segregation inside molten DTA samples can cause other is-
sues such as the upper boundary of the H+P field that extends with unlikely
points to the P-phase field. But if a melt “L” e.g. with composition x = 0.8
solidifies, a P-phase with x ≈ 0.94 crystallizes first. This shifts the melt compo-
sition in Fig. 7 downwards the liquidus to the direction of the eutectic. In the
x range near the eutectic the X-phase can be formed, which later on converts
to H, giving rise to the observation of the three rightmost DTA points inside
the P-phase field. The wide stability of the P-phase at lower T is in agreement
with the X-ray data from the Figs. 1 and 2.
5. Crystal growth
The possibility of crystal growth within the P-phase field that contains the
congruently melting NdScO3 compound is demonstrated by the micro-pulling-
down (µ-PD) crystal in Fig. 8; this polished section along the length axis ev-
idences the internal quality. Furthermore, Czochralski growth was performed
to receive larger samples for further investigations (see below). The multicrys-
talline boule exhibits the shape of a spiral, most likely caused by a leaky crucible.
Nevertheless, it was good enough for examination with XRD and ICP-OES.
The X-ray diffractogram revealed a pattern typical for orthorhombic rare-earth
scandates, with lattice parameters a = 5.813 ± 0.005 A˚, b = 8.058 ± 0.005 A˚,
c = 5.593± 0.005 A˚ for sample T2 in Table 2. From these data a pseudocubic
lattice constant apc = 4.031 A˚ can be calculated using the relation apc =
3
√
1
4
abc
[36]. Chemical data for the crystals are summarized in Tab. 2.
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Figure 7: Assessed isopleth section NdLuO3–NdScO3, together with DTA peaks and with the
melting point of P-NdScO3 [3]. The accuracy of DTA derived temperatures is approximately
±15K for all data. Different symbols are used for different peak shapes (cf. inlays).
Obviously, the crystal is depleted in Nd with respect to the melt and its com-
position does not lie on the isopleth NdLuO3–NdScO3. The measured chemical
compostion of the crystal shows a significant offset to the composition that can
be expected from the liquidus/solidus positions in Fig. 7. This indicates, that
under the applied growth conditions the effective partition coefficients keff are
shifted from the equilibrium partition coefficients k0 towards unity, which is
common for keff [37]. For the following reasons it is expected, that the crys-
tal chemistry of melt-grown NdLu1−xScxO3 solid solutions is rather complex:
First, vacancies on the larger cations side could replace Nd. Such vacancies are
described for several rare-earth scandates [2]. Second, a partial replacement of
Nd by Lu seems to be likely. Replacement of La on the large cation site was
proven for LaLuO3 [38] but also in the case of LaLu1−xScxO3 single crystals [5].
Perhaps, this substitution by Lu is stronger in a crystal with Nd on the large
cation site than for La because the difference in ionic radii between Nd and Lu
is smaller than for La and Lu.
Table 2: Chemical composition as determined by ICP-OES of original melts for crystal growth
with micro-pulling-down (µ-PD) and Czochralski (Cz) methods, and pieces of the Cz crystal.
T5 represents the first crystallizate. T2 and T4 show the further development.
Sample Nd2O3 [mol-%] Lu2O3 [mol-%] Sc2O3 [mol-%]
Original melt µ-PD 49.3 7.6 43.1
Original melt Cz 50.0 20.0 30.0
NdLu1−xScxO3 T5 45.6 14.0 40.6
NdLu1−xScxO3 T2 45.5 14.7 39.8
NdLu1−xScxO3 T4 45.8 15.2 39.1
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Figure 8: a) µ-PD fibre grown from a starting composition NdLu0.15Sc0.85O3. b) Czochralski
boule with strong spiraling, grown from a starting composition NdLu0.40Sc0.60O3.
6. Conclusions
A model of the pseudoternary system Nd2O3–Lu2O3–Sc2O3 was obtained
by DTA and XRD measurements and thermodynamic assessment. The thermo-
dynamic parameter set models the pseudobinary edge systems very well, and
also experimental results that were measured of the NdLuO3–NdScO3 isopleth
section can be understood well in terms of the pseudoternary model. Because
DTA measurements were the main experimental method of this study, basically,
processes with significant thermal effects contributed to the results — and these
are mainly melting/solidification processes. Accordingly, Fig. 6, showing the liq-
uidus projection with four regions of primary crystallization of different phases
is assumed to be accurate. The isopleth section in Fig. 7 must be handled
with more care: certainly the diagram is correct in the high-T region above
approximately 2200K because sufficient experimental data is available there.
At lower T , however, DTA effects practically did not occur because solid state
phase transformations proceed slowly and hence thermal effects are small. This
means that the phase boundaries that are computed there are mainly the result
of extrapolation of high-T results to this range. A few artifacts of the calcu-
lation, e.g. a miscibility gap of the P-phase at T ≤ 1800K are not shown in
Fig. 7 because no experimental evidence could be found. But also here, too low
diffusivity could be the reason. The wide homogeneity range of the P-phase at
moderate T . 2000K is remarkable and could path the way for the production
of ceramic materials.
The main goal of this paper was to reveal conditions where the growth of P-
NdLu1−xScxO3 mixed crystals might be possible. Fig. 6 shows that from melts
with 0.45 . x ≤ 1 the P-phase crystallizes first. From Fig. 7 it can be seen that
even from melts close to the eutectic valley on the isopleth (x ≈ 0.45) crystals
with considerably reduced NdLuO3 content can be obtained as a result of strong
segregation. This is confirmed by a Czochralski crystal growth experiment on
this section, where a mixed crystal with pseudocubic lattice constant apc =
4.031 A˚ was obtained.
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